Introduction
Dairy and cheese industries are an integral part of the food processing industry, producing considerable amounts of liquid discharge with a high organic load. Whey, the liquid remnant subsequent to the precipitation and removal of milk casein during cheese-making, is a major by-product of dairy and cheese industries [1] [2] . It is rich in nutrients making it a valuable waste product [3] . Whey retains 55% of the nutrients in milk, constituents include lactose (4.5-5% w/v), soluble proteins (0.6-0.8% w/v), lipids (0.4-0.5% w/v), vitamins (B complex and others), mineral salts (8-10% of dry extract), lactic acid (0.05% w/v) and citric acid, non-proteinaceous nitrogen compounds urea and uric acid, bioactive compounds like α-Lactoglobulin, β-Lactoglobulin, immunoglobulins, serum albumin and lactoferrin [4] .
The annual production of whey is more than 160 million tonnes, with an estimated growth rate of 1-2% yearly [5] . The large quantity of whey produced poses handling and disposal concerns owing to its high content of organic matter and other nutrients [6] . Furthermore, as whey contain only 6-7% of dry matter , it was generally discarded as a waste product. Although several undertakings for utilization of cheese-whey have been employed, almost half of its global production is left untreated and is discarded as an effluent [7] . Consequently, having a BOD and COD load (30,000 -50,000 ppm and 60,000 -80,000 ppm, respectively) and vast production, whey poses a major environmental hazard. The immense polluting capacity of whey is primarily due to the presence of lactose, as the recovery of whey protein reduces its COD merely by 10,000 ppm [8] .
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Analytical methods
Cell growth was monitored by measuring the optical density (OD) at 600 nm in a 1-mL cuvette using a spectrophotometer (Pharmacia LKB Ultrospec Plus, 80-2092-26). Broth samples with suspended cells were diluted five-fold with distilled water. Lactose and organic acids were quantified by using high performance liquid chromatography (Waters Breeze) with an organic acid analysis column (Aminex HPX-87H, Bio-Rad) operated at 65°C with 0.5 mM H 2 SO 4 as the mobile phase at 0.5 ml/min.
Results and discussion

Whey fermentation by Lactobacillus casei and Propionibacterium acidipropionici
Two stage fermentation kinetics with whey as medium was studied in a 1-L bioreactor. Fig. 1 shows fermentation curves of lactose, lactic acid and propionic acid in the bioreactor at pH 6.5. Fermentation was finished in 90 hours and the time taken in the two stages were equal in length. In the first stage, all lactose was converted into lactic acid with a yield of 0.96 g/g. The major part of the biomass was formed in the first stage by Lactobacillus. The Propionibacterium inoculum was added after 50 hours. All of the lactic acid was consumed and converted into propionic and acetic calcium, sodium and potassium salts are widely used as preservatives in animal feed and human food. Some of them are also known to inhibit the growth of mould [12] .
The aim of this study was to utilize the lactose and lactate content of whey decreasing the COD of whey and produce the valuable chemical: propionic acid. Propionibacteria are able to utilize both lactose and lactic acid, but utilization of lactose is problematic as it's too slow. To solve this, Lactobacillus species was used to convert lactose to lactic acid while the bacteria incorporate whey protein into cell biomass [13] [14] . The resulting lactic acid is converted to propionic acid via Propionibacterium acidipropionici. For fermentation studies, whey was used as culture medium.
Material and methods
Microorganism
All media were autoclaved at 121°C for 20 min. Glucose was autoclaved separately from the other components.
The cultures were incubated for 2 days and the resulting cultures were used to inoculate the bioreactor.
Two-stage fermentation
Fermentation with whey was studied in 1-L jacketed glass bioreactors. Each bioreactor contained 630 mL of whey and inoculated with 70 mL of a freshly prepared Lactobacillus seed culture. Temperature was controlled at 37°C in the first stage and 32°C in the second stage; pH was adjusted to pH 6.5 by adding 20% NaOH; and agitation performed at 400 rpm. Samples were taken at regular time Lactobacillus. The fermentation with Lactobacillus sp. MKT878 resulted in an improved propionic acid titer, yield and overall productivity.
Conclusion
In this study, a two-stage propionic acid fermentation was utilized to decrease the BOD of whey. High lactose conversion (>90%) to lactic acid was achieved at the first stage, but its conversion to propionic acid during the second stage was insufficient (~30%). The COD was successfully decreased during the fermentations. However, further improvements are required to improve the efficiency and effectiveness of the second stage and to achieve higher propionic acid concentration.
acid. The final propionic acid concentration and yield was 12.7 g/L and 0.29 g/g, respectively. There was 4.6 g/L acetic acid produced as a by-product.
Whey fermentation by Lactobacillus sp. MKT878 and by Propionibacterium acidipropionici
Two stage fermentation curves with whey as medium was studied in a 1-L bioreactor. Fig. 2 shows fermentation kinetics of lactose, lactic acid and propionic acid in the bioreactor with pH 6.5. The fermentation was finished after 100 hours. The first stage took approximately 50 hours. All of the lactose was converted into lactic acid with a yield of 0.90 g/g. The inoculum of Propionibacterium acidipropionici was added when the lactose was exhausted. The lactic acid then started to decrease and propionic acid was produced. This second stage also took approximately 50 hours. The final propionic acid concentration was 14.5 g/L and yield was 0.32 g/g. The propionic acid productivity for the full fermentation time was 0.15 g/L*h. There was 6.3 g/L acetic acid produced as by-product.
As shown in Table 1 , the two fermentations were quite similar, the slight difference may origin on the different 
